Simple experiments for calibrating Fibre Bragg Grating (FBG) in order to measure strain and temperature have been successfully demonstrated in this study. This will allow convenient use of FBG sensor in the laboratory for measuring quantities. Linear curve fittings were employed for both the strain and temperature, and R 2 values are determined respectively. The result showed a perfect correlation between FBG, strain and temperature. The approach can be employed with ease, simplicity in an inexpensive manner, in order harness the advantages offered by FBG sensors such as accuracy, precision, speed and high resolution.
Introduction
Fibre optic sensing technologies have gain prospects for use in many disciplines due to its versatility [1]- [4] . Two types of this technology are the most commonly adopted; distributed fibre optics (DFO) and Fibre Brag Grating (FBG) sensing techniques. Recently, a conjuncture helical configuration developed by [5] from a single distributed optical fibre for laboratory characterization of materials have shown good correlation when compared with LVDT apart from the advantage of being immune to effect of lightning and electrical short circuiting which the existing devices are vulnerable to Fibre Bragg Grating (FBG) sensing technique is now being used in the laboratory for measuring quantities such as strain, temperature, acceleration and pressure [6] - [9] . The advantages offered by the sensor; extreme sensitivity, light in weight immune to electromagnetic interference (EMI), resistance to hash environment, multiplexing and multifunctionality have rendered the sensor useful in civil and many other engineering disciplines.
The study intends to elucidate a simple method of calibrating FBG sensor so that the sensor can be adopted to measure strain and temperature. FBG sensor delineates measurements of physical quantities in terms of wavelength, which must be converted by a suitable means to a quantity it is intended to measure as it can be used to measure several quantities. 04001 (2018) https://doi.org/10.1051/matecconf/201820304001 ICCOEE 2018
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Working principle of FBG sensor
Recently, Fibre optics sensing technique have shown potentials in laboratory experimentations [6] , [10] , [11] . An FBG is a distributed Bragg reflector imprinted in a small section of an optical fibre which can reflect a specific wavelength of light and transmitting all the other wavelengths. FBG sensors are formed by engraving an unseen permanent periodic refractive index changes in fibre core. FBG can be uniform, chirped, tilted or superstructure. FBG is capable of transmitting light over a long distance with very little loss of precision [9] . Schematic diagram of FBG sensors working principle is shown in Fig. 1 . There are two important components of FBG, the core and the cladding. Gratings are written on the core (inner component) which serves as guide to the light along the optical fibre. The grating is normally written on silica optical fibre of very small in diameter about the size of human hair. Cladding surrounded the core to ensure total internal reflection within the core, and that very small light is lost as the refraction index of the cladding is lower than that of the core. External factors such as heat and pressure will cause a shift in the wavelength of the reflected light; this variation can then be translated in to physical engineering units such as amplitude, strain, and temperature with the help of interrogator. The common FBG data acquisition system can detect a shift in the Bragg wavelength of as small as 1pico meter (10 -12 m). 
Where is the refraction index of the core of the fibre and Λ is the grating period of index modulation. FBG is noted to be a thermocouple material and can be affected by temperature. Therefore, during measurement readings and when there is changes in the temperature, a separate temperature FBG sensor (isolated from the influence of measured strain) must be attached to compensate the temperature. Once the temperature is known, the strain can be calculated and the shift in the wavelength (∆ ) during experiment can be determined using equation 2 below [12] . Generally, when fiber is doped with germanium at room temperature, the value of α and ξ ≅ 0.5 × 10 −6 / 0 C and 7.0 × 10 −6 / 0 C. When temperature is constant, equation 2 can be written as:
Where k is a constant which can be determined in the laboratory.
Methodology
This section covers the detail discussion of the experiments conducted for the temperature and strain calibration using FBG in the laboratory. These experiments were conducted with the aim of establishing control of FBG sensor for the purpose of specimen deformation measurement.
FBG sensor temperature calibration
In this study, temperature calibration was conducted using a heating system consisting a glass box fitted with heating coil and temperature control. The glass box is filled with water, FGB sensor with wavelength of 1569 nm is immersed in water. The rise in temperature is monitored at an interval of 5 0 C up to 85 0 C and the corresponding FGB readings were taken at the frequency of 1kHz with the aid of micron optics interrogator. On reaching 85 0 C, the decrease in temperature is also monitored at similar interval to obtain a complete cycle of temperature calibration. The selected maximum temperature of 85 0 C is sufficient because the entire experiments would be conducted at room temperature. The setup of the apparatus is illustrated in Fig.2 . 
Results and discussion
The graph of comparison of temperature and averaged wavelength is plotted as shown in Fig  5. It can be observed that both the heating and cooling processes followed the same pattern this implies a very good temperature calibration. The relationship between the wavelength and the temperature is represented by the polynomial equation given in equation 4. Where T is the temperature and is the FBG wavelength. A graph of temperature measured from the thermometer and that observed using FBG was plotted (Fig. 6 ) and the R 2 value was found to be 0.9993 while the slope is unity which is an indication of a very good similarity. Similar result was observed by [13] .
Fig. 6. The relationship between measure temperature and the FBG-temperature
Strain calibration test results is presented in Fig 7. The R 2 value of 0.999 signifies perfect correlation between the micrometre strain and the average FBG wavelength shift. The slope of change in the wavelength against the strain was found to be approximately 0.77, which is the value of the strain coefficient. Similar finding was presented by [14] , also [11] , [15] adopted almost similar coefficient. The variation may be due to the different in fiber or may be fluctuation in temperature during the experiment. 
The generalized form of the equation can be written as:
Where: : Strain : Strain coefficient : Current peak wavelength captured by the interrogator 
Conclusion
Simple methods of converting FBG sensor wavelength to temperature and strain are demonstrated. Based on the findings, the temperature coefficient observed can be employed to compensate FBG temperature effect during the subsequent application of the sensor. This simple method can be recommended for determining FBG sensor temperature coefficient. Also, the strain coefficient obtained showed perfect correlation with micrometre strain. Subsequently, FBG sensor will be employed to measure strain and temperature in the laboratory using the coefficients found as conversion factors.
